A B Supplementary Figure 1. Guinier analysis of Bvht. (A) Full-length Bvht at various magnesium concentrations and also Bvht-CNBP complex at [Mg 2+ ] = 6 mM. (B) Bvht sub-regions. The plots are approximately linear in the Guinier regime, a sound indicator of mono-dispersity (non-aggregation). A B C D E F G Supplementary Figure 2. Solution structures of full-length Bvht at various Mg 2+ concentrations. (A) Averaged structures acquired by DAMAVER at 0 mM Mg 2+ . (B) Each class of structures obtained by DAMCLUST at 0 mM Mg 2+ . (C) Averaged structures acquired by DAMAVER at 6 mM Mg 2+ . (D) Each class of structures obtained by DAMCLUST at 6 mM Mg 2+ . (E) Averaged structures acquired by DAMAVER at 12 mM Mg 2+ . (F) Each class of structures obtained by DAMCLUST at 12 mM Mg 2+ . (G) Superposition of 0 mM Mg 2+ , 6 mM Mg 2+ and 12 mM Mg 2+ averaged conformations.
In theory, there should be a 1:1 correspondence between the P(r) and I(q) plots. However, in ERNWIN we used only one bead per nucleotide (to speed up computation) and neglect the effect of the hydration shell. This plot shows that, despite these simplifications, optimizing the P(r) score is sufficient to improve the all-atom values (which include the effect of the hydration shell). Each dot in the central plot corresponds to one predicted tertiary structure constrained to the experimentally determined secondary structure. Tertiary structures were taken from all points of the trajectory, not only after convergence. The lower left outer three plots depict the scattering intensity (log(I(q))) and pair-distance distribution (P(r)) for the best fit. The upper right outer three plots depict the scattering intensity and pair-distance distribution for one of the poorest fits. For the pair-distance distributions, the experimental P(r) curve (from GNOM) is shown in blue and the coarsegrained ERNWIN-plot of the predicted structure is shown in red. The P(r)-based ERNWIN score is difference in areas underneath the blue and red curves. At the left and right, the fit of I(q) for the predicted model (red) to the experimental scattering data (blue) calculated by CRYSOL is shown, including a zoomin to the most relevant region at smaller angles. Simulated P(r) distributions (red) are calculated using 3-D coarse-grained models (one bead per nucleotide) consistent with SHAPE-determined Bvht secondary structures. 3-D motif-based homology modeling is used to produce atomistic models from coarse-grained models. -values are calculated by CRYSOL using all-atom structures. The previously published secondary structure was used with a few additional base-pairs introduced from RNAfold (taking into account the SHAPE reactivity).
Supplementary Figure 5 . of SAXS-based 3-D structures prefers published 2-D structure over null hypothesis. values (represented as histograms) are calculated by CRYSOL. Previously published secondary structure is based on chemical probing experiments. Null hypothesis is based on shuffled secondary structure. Top panel: histograms of structures from the whole trajectory for multiple trajectories. Blue, ERNWIN samples using the published secondary structure plus a few additional base-pairs predicted by RNAfold (taking into account SHAPE reactivity) and SAXS data as restraints. Orange: ERNWIN samples using random secondary structures plus SAXS data. Green: Sampling with the same secondary structure as for blue, but without SAXS data. Bottom panel: structures from the end of the trajectory, when sampling has converged. It can be seen that the presumably correct secondary structure leads to slightly better CRYSOL-values than random secondary structures, especially after sampling has converged. However, due to the large number of degrees of freedom, it is possible to find some well-fitting conformations even for some random secondary structures. Supplementary Fig. 11 . Supplementary Figure 11 . Solution structures (not averaged) of fragment 1 of Bvht at 6 mM Mg 2+ . These structures were obtained by DAMCLUST. 
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